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Abstract 
Positive displacement machines working as hydraulic pumps or hydraulic motors have 
always been, are and will be an essential part of any hydraulic system. Current trends 
and future demands on energy efficient systems will not only drastically increase the 
number of positive displacement machines needed for modern efficient hydraulic circuits 
but will significantly change the performance requirements of pumps and motors. 
Throttleless system configurations will change the landscape of hydraulic actuation in 
aerospace, mobile machines, automotive and many other areas and will definitely open 
the door for new applications due to its enhanced competitiveness with electric and 
electro-mechanical systems. 
 
Figure 1: New directions in pump design 
  
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A few examples for novel energy efficient system concepts will be provided and used to 
derive future demands on pump design and pump performance. The main part of the 
lecture will focus on detailing the author’s view of the importance of revolutionizing the 
design process of positive displacement machines through replacement of trial and error 
by powerful tools and new technologies, see Figure 1. First, the importance of fully 
understanding the various and complex physical phenomena, influencing the fluid flow 
and fluid-structure interaction inside the positive displacement machine, will be 
explained. Examples of breakthroughs in understanding and successful modeling these 
will be given. Among others it will be explained how important the consideration and the 
choice of material properties like heat capacity, heat conductivity and the shape of pump 
parts is in order to minimize or utilize thermal elastic deformation of pump parts for a 
pump design allowing efficient and reliable operation. Another very innovative 
technology is surface shaping. Examples of recent results of the author’s research group 
will be given, such as the waved valve plate as exemplarily shown in Figure 2. 
 
Figure 2: Computational pump design and virtual prototyping 
High efficiency, compactness, high power density, simple design, highest reliability and 
long service life are only a subset of requirements for future pump design. Low noise 
level is another remaining challenge. The importance of further improvements of our 
understanding and modelling of noise generation and transmission in positive 
displacement machines will be discussed briefly.  
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The last part of the lecture will discuss the opportunities for innovations in design of smart 
pumps. The majority of currently manufactured pumps and motors have been designed 
for use in human or hydraulically controlled systems with rather low requirements on 
dynamic response and system bandwidth. Pump control systems requiring low power 
and achieving high bandwidth will be required in order to make throttleless actuation the 
technology of choice for many application. The integration of sensors, controls and 
embedded software is another challenge for future pump design but also a huge 
opportunity for fluid power technology.  
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